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(54) DISPLAY DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a voltage level 
converter in which through current is sufficiently 
suppressed. 

SOLUTION: In a voltage level converter vyhich is 
constituted of MISTFTs which use poly crystalline 
silicon as semiconductor layers on an insulated 
substrate, the input terminal of input pulses is 
connected respectively to gates of an NMISTFT1 and a 
PMISTFT1 and a first terminal and the gate of a 
PMISTFT3 via a capacitor 1 and the input terminal of the 
input pulses is connected respectively to gates of an 
NMISTFT2 and a PMISTFT2, a second terminal and the 
gate of an NMISTFT3 via a capacitor 2 and, moreover, 
second terminals of the NMISTFT1 and the PMISTFT1 
and the first terminal of the PMISTFT3 are connected 
respective to a high voltage supply side and first 
terminals of the NMISTFT2 and the PMISTFT2 and the 
second terminal of the NMISTFT3 are connected 
respectively to a low voltage supply side and the 
connection point of the second terminal of the PMISTFT3 
and the first terminal of the NMISTFT3 are made to be an 



output terminal. 
COPYRIGHT: (C)2002,JPO 
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Z>t±.ft\^tz£ MCI, C 2CQ^&S££*IC£ 

9, y — KN 2 , N 3C0^tt-?H^®{4(iA V (N 
2) , AV (N3) #_h#W-<5 0 

[0 0 3 9] :icD^-£\ y— KN2 0«£EV (N2) {* 

±5t (3) a>e>, 



[$C6] V (N2) =VDD+AV (N2) - | Vth (PMOS1) I 

= VDD + Vth (NMOS 1) +V 1 e f f (6) 

PMOS3li»^OFFttit45o 
[0 0 4 0] y-KN3C0lEV (N3) Ji±SC (4) 



[3£7] V (N3) =VSS + AV (N3) + | Vth (PMOS2) | 

= VSS + Vth (NMOS 2) +2 | Vth (PMOS 2) | 



+ V 2 e f f 

kf£Q* NMOS3liONtSlt4S 0 r tf> r i: rt> * 
A*^>^ V I N?)H A VlE»t5 : i (a ^ P 
MOS300FFttit, NMOS 3 <DONftU&\Z\£ 

[0 0 4 1 ] VtfWl t 1 ^fe t 2<DmX~l*, V (N 2) (i 
VDD + Vth (NMOS 1 ) + V 1 e f f /£<DX^ N 
MOSl^ONttlt/^V (N2) fiS^LTl^< 
riv V (N2) ^VDD+Vth (NMOS1) <7)*lffi 
ttifi-CNMOS 1 y h^-7$tl6o PMO 
S 3(7>y— MEliV (N2) =VDD + Vth (NM 
OS1) T*&>»9, PMOS3^y-^IEliVDDt'fc 
Z>tz#>. PMOS3liOFF*ffiS:iSftt5o 

[0 0 4 2] |p]«K:, V (N3) =VSS + Vth (N 
MOS 2) +2 | Vth (PMOS 2) | + V 2 e f f 
fc<OT?, PMOS2^0Nttl^j!otV (N3) 11® 
'>LTl^<^ VSS+ | Vth (PMOS2) I tf>@ 
EEttifi-CPMOS 2«2# * h^7^tl^ 0 



(7) 

[0 0 4 3] w<7>^£\ | Vth (PMO S 2 ) |^V 
th (NMOS 3) #<bi*\ NMOS3liONftl«{ 
«FU I Vth (PMO S 2 ) |<Vth (NMOS 
3) t£bVt, NMOS 3li^7 h^7^n> OFFftl 

[004 4) | Vth (PMOS 2) I ^ V t 

h (NMOS 3) <DW>&$:^Z-Z> 0 PMOS3liOFF 
tt!8S:»fifLtV^50^ NMOS3liy-KN4i:f 
*&*LfcSffifC (N4) X (VINT-VSS) §r (V 
SSfflfl(C) x-f — v^ttUf, y— KN4(Z)tE 

v (N4) SrVSSJc-c^^^irJc^So ::t\ c 

(N4) f*y — KN 4 <D&m&M. VINTIitl^$ 
mctertZS— KN 4 <Df2EE~C£>£> 0 

[0 0 4 5] NMOS3(Oy-hiE^V (N2) =V 
SS+| Vth (PMOS 2) | Kfcofc££*>ttiMI 
(8) t U 



(7) 
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[$8 ] I (NMO S 3 ; V t h 
'>4<tt, ft* (9) <D&{*&ffitz-f£o\zm%t®7£: 
-Ttlli /- KN4OS0EV (N4) fiV S SlC/j:5 0 



(PMOS 2) ) 
[0 0 4 6] 



(8) 



[$9] I (NMOS 3 ; V t h (PMOS 2) ) X ( t 2 - t 1) 

(N4) X (VINT-VSS) (9) 

£fc s «(10) K*^B8«K&5fcfc, [0 0 4 7] 



[tlO] | Vth (PMOS2) |<Vth (NMO S 3 ) (10) 

V (N2) =Vth (NMOS 3) COmJE(C*ofc k w 3 IC J: 9 x-f * ^ * - v> $ Sffi Q ' 

NMOS 3i**y h*7£tl& 0 mm t l^bN (11) X*5-Z_btlZ> 0 

MOS 3^#:y hd-7$tt5*t?<0^pPflS: tef f U [0048] 
-tZb, PMOS 3 ttOF F*fefiT*fo5cOT% NMOS 



(1) fi, ft* 



[$11] Q' ( 1 ) = J I (t) 

rCT% I (t) lt s 0 NSrNMOS 3 0ifi» 
$. Q (t) £y- KN4Wb1 t X~<DWffim, C (N 

4) &y- b*N4<Dmmt'rz>k. q (t) /c (n 

4) < (V (N3) (t) -Vth (NMO S 2 ) ) <D 
kZ, 

I (t) = j3N ( (V (N3) (t) -Vth (NMO 
S2) ) * (Q (t) /C (N4) ) - (Q (t) /C 

(N4) ) X (Q (t)/C (N4)))/2 
Q (t) /C (N4) ^ (V (N3) (t) -Vth 

(NMO S 2) ) (Dk 

I (t) =j5N ( (V (N3) (t) -Vth (NMO 
S2) ) X (V (N3) (t) -Vth (NMOS 
2) ) /2 

tlHtl + tef fl *-COB# 

pat? 5 t>^>t-r5o 



d t (1 1) 

[0 0 4 9] -t It, Q' (1) =Q (t = tl) i4 
<5#<b, /— KN4 0ISEEV (N4) ttVSSt45 0 

±* (11) COQ' (1) SQ (t = tl) i*5 
V^T* (11) frb&tbbtlZmfttiFffl t x^tx^t 
e f f l/^bll KN4C0BEEV (N4) £VSS 

kX~£ Z>^k{zteZ> Q 

[0 0 5 0] mm t 2VAJl'<S\'XV I Nffi* H' 
( b' L' A VcoSJfESOj^-r^t, ±i$LfcJ;?> 

Id, gtCl, C 2 0SftSS^{^ c t V , y — K N 2 N N 

3<Dmm-x, mat 2<DmMLfrbs tti^ti&v (n 

2) , AV (N3) TKH-£o /-KN3CO 
1EV (N3) fi±* (4) ft* (1 2) <hft 

[0 0 5 1] 



[$12] V (N3) =VSS+|Vth (PMOS2) |-AV (N3) 

-VSS-V t h (NMOS 2) -V2 e f f (12) 

/-KN3(OlEV (N3) , i-ft;b*> % 2(DfEV (N2) ht±* (3) ^<b, 

NMO S 3(^y- MEfiNMO S 3(Dy-^lEV S irft5 0 
S <t «9 V t h (NMO S 2) + V 2 e f f fcittig* ^fljffi [0 0 5 2] 

kt£Z<DX\ NMOS3liOFF^il:45o y — KN 



ft* (1 3) 



[$13] V (N2) =VDD+|Vth (NMOS1) 
= VDD-| Vth (PMOS1) |-Vle 



I - A V (N 2) 
f f (1 3) 



~tUCj;9, /-KN201EV (N2) , 
PMO S 3 coy— hm/E(iPMO S 3 CO y — WlEE V D 
D <£ 9 I Vth (PMOS 1 ) | + V 1 e f f fcfl+fg;^ 
®{4^:^5cOT% PMOS3fiONftlC45o 

[0 0 5 3] mm t 2rt^ t 3(OP^T*li x Vth (NM 
OS 2) SV t h (NMOS 2) + V 2 e f f Xthfl 
tf, NMOS 2;^ON:ifcfig£#9 V (N3) li±#LT 
VKriV VSS-Vth (NMOS 2) omffiMi5T% 
NMOS 2l**v V*7&frZ> 0 Z<Dtz£>. NMOS 3 



liOFFttl^t^o 

[0 0 5 4] t 2(C^o^T, ±* (6) iC£ Q , P 

MO S 1 <Dtf— hHUEV (N2) liPMOS l(Oy- * 
HJEE V D D <fc 9 | Vth (PMOS1) l+Vlef f 
fc(*(g:^®EEO*:tf>, PMOSlliON^li/j:^ V 

(N2) cO®jBEli±#f-LTt*<^ V (N2) =VDD 
-I Vth (PMOS1) | {^tifir% PMOSKi*^ 
ht7JHTOFF«ii:45 0 ~<ntztb. ft* (l 
4) <nmmz.tbZ>t£b&. PMOS 3l±ON«ffiSr|6«F 



(8) 
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[tl4] | V t h (PMOS 1 ) 



NMOS 3l;tOF F&m&m$fLX\<^Z><DX\ PMOS 
3f*/ — KN4(CS*bftfcfB;ffiC (N4) X (VDD 
-VSS) £ (VDDftiJlC) r^^ft-v>t^nil 
;-KN4(OSEEV (N4) S:VDD(Ct^5I<b(:^ 

[$15] I (PMO S3 ; V t h 
'>4<it, (16) ^*«=fir»fci-± 5(c*»R 
^-rtt^V— KN4C0S/EV (N4) liVDDC^^) 0 



[0 0 5 5] 
^ I V t h (PMO S 3) 



( 1 4) 



[0 0 5 6] PMOS3^y-hlE^V (N2) =V 
DD-IVth (PMOS1) | CiofctJ^PMO 
S 3 (Omm^Hk^ (15) L, 



(PMO S 1 ) ) 
[0 0 5 7] 



(1 5) 



[$16] I (PMOS 3 ; V t h (PMOS 1) ) X ( t 3 - t 2) 

(N4) X (VDD-VSS) (16) 

|Vth (PMOS1) |<|Vth (PMOS VtffltX*foZ><DX\ PMOS 3CJ; 9f>f t"^^tl 

3) |Tfo54bll PMOS3^^ft7JMi £S^Q' (2) (i N ft«(17) T^x.b^5 0 

&bt£Z> 0 2^1bPMOS3^^3/ht7$tl5 [0 0 5 8] 

£T?£>R#PflS: t e f f 2 NMOS 3fiOF F 



[«1 7] Q' (2) = JI ( t) 
I (t) 12, j3 PS: PMOS 3<Dm$t&M, Q 
(t) S:/-KN4co^ra tWilSri, C (N4) ft- 
y-KN40gti:t5i:, PMOS301SI (t) 
tt. Q (t) /C (N4) < (V (N3) (t) - | V 
t h (PMOS 1) | ) <Dt # x 

I (t) = 0 P ((V (N3) (t) - | Vth (PM 

051) |) (Q (t) /C (N4) ) - (Q (t) / 
C (N4) ) X (Q (t) /C (N4) ) ) /2 

Q ( t) /C (N4) ^ (V (N3) (t) - | Vth 
(PMOS 1) | ) <Ot%, 

I (t) =/3P ( (V (N3) (t) -Vth (NMO 

52) ) X (V (N3) (t) -Vth (NMOS 
2) ) /2 

X^^Lhtl. «»lit 2Ht2+tef f 2^T'COP# 



t (1 7) 

[0 0 5 9] -t It, Q' (2) =Q (t = t 2) ift 
5fe£>. /- KN4 0«BEV (N4) (4VDDi45. 
_h5£ (17) OQ' (2)SrQ(t = t2)t*5 

i^r*«>e>ix5^raraBB tx^tx<te f f 

ff s ;-KN40lEV (N4) ^VDD^rt^li:^ 
[0 0 6 0] HSffl t 3T% ffyA^^Vl/^V I Nri*' 

rape, ftci, c2<ogt^ia^ /-kn 

2, N3©tfittHrflt3(Z)ttt^e>, -tn^EfttAV 
(N2) % AV (N3) _L#M-£ 0 / — KN 

2 01HV (N2) f*±5£ (3) (1 8) 

bta*). PMOS3ii3fi^OFFttffii4S„ 

[0 0 6 1] 



[$18] V (N2) =VDD-| Vth (PMOS1) | + AV (N2) 

= VDD + Vth (NMOS 1) +V 1 e f f (18) 
^tt(Cj:«9, /-KN3W1EV (N3) (i±^ (4) fc£ 0 
^fb, (19) NMOS 3liONttffii 



19] V (N3) =VSS-| Vth (PMO S 2) | + A V (N 3) 

= V S S + V t h (NMOS 2) + V 2 e f f (19) 



[0 0 6 2] B$fe] t 3 7^<b t 4 ORH-Cf*. V (N 2) = 
VDD + Vth (NMO S 1 ) + V 1 e f f K<DX\ N 
MOSlMNM^^V (N2) li«'>LTVK 

V (N2) =VDD + Vth (NMOS1) cO®EE 
tt"ifi-T\ NMOS 1 v b*7£tlZ> 0 Z.(Dm, PM 
O S 3cDy— h®JEJiV (N2) =VDD + Vth (N 



MOS1) -CfcO, PMOS3Wy-^IEl4VDDt 
hZtztb. PMOS 3I20F F#li£rSif*-t5o 
[0 0 6 3] | Vth ( PMO S 2 ) I^Vt 

h (NMOS 2) + V2e f f "Cfcftli , PMOS 2^ 
ON#flg<fc&9 V (N3) teS'>LTV^< V (N 
3) =VSS+| Vth (PMOS 2) I (DWEH&X 



(9) 
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PMOS y b*7£tlZ> 9 

[0 0 6 4 J rcO»$, | V t h (PMOS 2) I^Vt 
h (NMO S3) frbtf, NMOS3liONtti*aH* 
U I Vth (PMOS2) |<Vth (NMO S3) 
fcbtf* V (N3) =VSS + Vth (NMO S3) {C 

OF FJRflgirfcSo ra>»-g\ I Vth (PMOS2) 

I tvth (nmos 3) tcomm*. tint 
[0065] kt, iwft-n^jHsijjs^nrBft^L, h 

1 (b) (DV (N4) (C^-T J: VDD-VSSO 
IBffiSr^i-a^^^tcWJE^/^Jfe^ix, Ell (b) 

(7)V (N4) (d^-fJ: 9 VDD-VS S (DMtyHk&h 



ojfijgco^/u^tcaffi tic* So 

[0 0 6 6] H*S0t]2. 0 3(1, #3BWlC<fc5ffi,ii,3|7j* 
**i-EISH-C, Hi (a) fc#j£LfcHi:fco-c^ 

So mi (a) tgctezffif&i*. ttjjffi+ti&m&mm 
mmmv s s i©mi:*ic L*»Rs*Tif*a c t 

icfcSo ^<^«t p^Lfc^lC 11 (a) ^(Hl3Si:it 

[0 0 6 7] (Hi (a) (D[e]&§<E> 

Klf^Bll«J-*5*tSS; (9) (^VINT^VDDICfi, 
V (N4) ^VSSC, 5t (1 6) Sr, V (N 

4) £VDD(C-r5^{££<5£-r<5o 
[0 0 6 8] Si\ ±ft (9) ttRSC (2 0) 



[IS 2 0] I (NMOS 3 ; V t h (PMOS 2) ) X ( t 2 - t 1) 

^ {C (N4) +CLI X (VDD-VSS) (20) 

s (i6) tezfcst (2i) i^45 0 

[t2l] I (PMOS 3 ; V t h (PMOS 1) ) X ( t 3 - t 2) 

^ {C (N4) +CL} X (VDD-VSS) (21) 

Ztlh<D&&&ffi&m<Dj£[^B-fZ>±.i£ (2 0) , [0 0 6 9] 

(2 1) M\ **L*fjixfc* (2 2) , (2 3) Jd<cS 0 

[»22] CL^ (I (NMOS 3 ; V t h (PMOS 2) ) X ( t 2 - t 1 

) } / (VDD-VSS) -C (N4) (22) 

[§2 3] CL^ (I (PMOS 3 ; V t h (PMOS 1) ) X ( t 3 - t 2 

) } / (VDD-VSS) -C (N4) (23) 

1#Wl<Ott&M1rZb, **LW*a (24), (2 [0070] 
5) fcfc*. 



[t24] (t2-tl) ^ {C (N4) +CL) X (VDD-VSS) 

/ (NMOS 3 ; V t h (PMOS 2) ) (24) 

[§25] U3-t2) ^ {C (N4) +CL) X (VDD-VSS) 



/ (PMO S3 ; V t h (PMO Si)) 

««©5Cfc:SB§M-5 t . ^ti-eti&a. (26), (2 [ 0 0 7 1 1 

7) t45. 



(2 5) 



[§2 6] I (NMOS 3 ; V t h (PMOS 2) ^ 

{C (N4) +CL) X (VDD-VSS) / ( t 2 - t 1) 



(2 6) 



[§2 7] I (PMOS 3 ; V t h (PMOS 1 ) ^ 
{C (N4) +CL| X (VDD-VSS) / ( t 3 - t 2) 
[0 0 7 2] rfl>»g\ ±* (20) (2 7) tC}5 

^t, ^iZ31Ri)^ll^ffii:%xS<b, « (22) , (2 

3) K48V*T*ffi*ik*>fca«, S(2 4) , (2 5) {d 

^^tf««W\ S (2 6) , (2 7) Cfc^tM 

OS h?y^^©tiMtt4fc*»y- h^tt*. -t 
S) iciot, *H*6CTco®jBE^-</t'^ftlHl»SO^§S: 



(2 7) 

[0 0 7 3] H4 (a) 14. Z tllZ&frX ft £ tltzMBZ 
l^^ftSV LCOf&CO^j®0iJ^7r:-riHlSS|glT% 4 
(b) (4, *:<D\b}&(D&S- V\Z.}$rtZ>'<ji'*i[&T&(Dm 
^i^LTl^o 1*14 (a) (4, U 3{C*tf£L;f::(g|<t 
<fotio^ /-KN4^AA^nCMOS^y/<- 
IWCMO S^f - KN 5 CM 



(10) 
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[0074] -ttttoh. *-r, m i (ota^mm&mM 

*»fijB V D DlCffiR$ilfc p SOMO S h7^^ 
PMOS4^ SB2a>*^(a:«BE«W«»iEI6VSS 

dx.?)jXTV>5o :tlbpiWMOSi>7^^^PM 
OS 4 i: nMCQMOS F7>"^^NMOS 4 <D^— h 
SWpI^MOS h7>^^PMOS30f2« 
+ k nSOMOS h7>^^NMOS 4 tf>§| 1 (Diffi^r 

[0 0 7 5] ^Lt, piOMOS h7>^^ PMO 
S4©S2(D«^i:nSOMOS h7V^^NMOS 

fij^ST- <>: ttVEVRWrlfreift V S S <t coRIJtcteSSC 

L3»sM«**t"ci^6. ±m®m<ommz&\,^x, vi 

N, V (N2) , V (N3) , V (N4) <DmEE&ffflX 

[0 0 7 6] -t It, V (N4) liCMOS^y/<-^ 
(PMOS4, NMOS4) <DAt}'<^X k ft *) , / — 
KN5I4H4 (b) lc*i-J:5.*«BE«FlB«Wit4 0, 

<£>[h]B&<0^ — ^i-^Aflf**!*, mlteCMO 

S^V*— * (PMO S 4 , NMOS4) 

fi, !3J:l5y-KN4<o|B«*a«<0#^**lclS«S 

[0 0 7 7] Httttfctt, MftCLin 

«LT|S]-OiaK3e»-e^ffl^ttH^X£< * 5 
[0 0 7 8] 31^3. H5lt ^^/U*»E]||(Ott<D 

3am«S:*i-iHiKias:*-*"ia-e. H4 (a) tMft^tz 

BfcftoT^S. 04 (a) <D»^i:H:ttL-ca*6«S5 
pS^MOSh7y^^PMOS5^oJ:(;ni 
OMOS h7>^^NMOS 5^b45CMOS^J 



oTV>5 e HI 5 {CioV X T C 5 liy — KN 5 <£>IEI& 

HI 6 {Ct^-T J: pS^MOS h7>^^PM 

OS 6joJ;(;nSWMOS h7^^^NMOS 6ri>ib 
/^CMOS^J e>fc-«iI»lU ^Offl^MtfF-tlBtt 
BE««ffc*&EI*V S Si^lCglCL^^tfi! 

*5, (U6{C;fo^T, C6(i/-KN6COEj6gSfl^O^ 

[0 0 7 9] nmm4. H7 (a)lt #^(C<fc57£ 

<z>*««s:*i-EiBiaT?*>s. raa (a) 1*, ±»i,fc 

M^)11E^»VLC^M (2 S) KftttL 
fcfc©-CJ>9, *#ftK:tt, Hi (a) lc«LfcEMHSr 
MSIC, 1214 (a) Ul^LfclHl&Srlg&UlU Ztlb<0 
ElSSorai-CMOS (PMO S 4 , NMOS4) ^r^fi 

^Iti/^o 12 7 (b) fi, A^/MVIN, ±150 
B&CD/ — KN2 4^LN8 K:i3tt3*ft^O«JE&fl2 
V (N2) fc^LV (N8) ^Ltl^o ±IBIh]3§c7) 
»m-*5V^T, V (N5) *"eO«**»»4*l(6«2fc 

RWLtrtgti3i:t-s>5o l7i:io^r, cii, c 

12, Cl IS, C12SI1 |4 (a) {-^ott^Sft 
CI, C2, CIS, C2Sl^t5 0 Sfd, C8 

[0 0 8 0] -t LT, V (N5) N 6 *5 JltfN 

7<D^®JEV (N6) , V (N7) (Dtifm&itl*. HI 4 

(a) (Ciolt6VIN{:#Lt(7)V (N2) , V (N 
3) (DfcfckmmX'tbZfiK -h*t (1) , (2) , 

(3) , (4) , (5) &ffitzi-mwx\ 

(2 8) (C*i-Ba«^fc5<^^*fLT, 

[IS 2 8 ] V I N «VDD (2 8) 

Jfc5t (2 9) , (3 0) &f£*L-fZ><DX\ 



[%L29] V (N5) max=VDD (29) 

[S30] V (N5) min=VSS (30) 

[0 0 8 1 ] fcirxJ* PMOS 3, NMOS 3 (DM k , W&Z><DX\ ii^O C MO S 4 * <fc «9 feffil*B«H 

PMOS13, NMOS130»(D$W[s]i:tt5 iift-C, /^l^W *§-£#;I8:lCi£6 d k tf*T*# 5 J: 0 left 

<b, i0**4*»y-h (f-^) m&t. Sine 5 0 

f f tmhfhZ>&0\^ti:Z> o i"fc*>*>, «t«9*#*A [0 0 8 3] 3lJ£#j5. _h#i Lfc#**6tW"?tt* A2>'< 

? (PMOS14, NMOS 14) Wt't 5 J: 9 f^i-, MC 1 i: nS^MOS h7>^^NMOS 1 

S^Jd^^^A^f^CLSrSgffij^it^^ir^-C **DtW*l«S*t-Cl^5*^ KOHni(OMOSh7y 

[0 0 8 2] V (N6) , V (N7) ^PMOS C0-(?£>6 0 Z.<Dtz£>. fc £ X. f£ El 1 (a) <7)[h1S&<7)$§^ 

13, NMO S 1 3^tl?tl<D\^$\,^m&m?Lti&f£L Sr#JU: k Z> k , El 8 (a) (C^-TJ: 9 tC, nS^MOS 

X\ ^(c/^^> h7V^^^ON/OF F^^(c§3f? h7>y^^NMOS 1 SrlS«SrK®ffiliag»*&ffii» V 



(11) 
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DDMt ^tzy^^r- KD 1 CitftAS^tm 

[0 0 8 4] mWz % ±S8Lfc*H*«-Ctt. A^°/U 
*V I N«) A^a^f t ft«E«*ft»B» V S S t WW 
{C, SfflC 2 t pitOMOS h7y^^^ PMOS 2fr 

x^NMOS 2 ity**- K^«IB«:bfc*TV^S fcco 
T'fc5 0 ZCDtzft. ^(290 1 (a) «>iatt^»*S:« 
13 8 (b) (C7rr-TJ:9{C, nf(OMOS h7 

fc, tU 8 (c) iZ^irXolZ^ mUnm<OMOS by> 
^^NMOS 1 Sry-f;*-— KD 1 fcS t t> 

niOMOS h7>^^NMOS2Sr^t-K 

10 0 8 5] ±3*Lfclll6«-Ctt, 08 (d) 

piOMOS F7V^^ PMOS 1 :fc3 
J:ypS^)MOSh7^^PMOS2S:, -ttt-PiX 
SttRl ty>f*— KD3fco>|K5iJ***, *5±tf»St 
R2t^t- KD 4 t<OittyiJ»«#^ll#lft*.S J: 5 
iCLttiV^ pSOMOSh7^?P 
MOS l^i^pSOMOS h7>^^PMOS 2 60 

[0 0 8 6] 4fc, fct;tfi01 (a) 0>iaiS(£*5^ 
NMOS2^±t/PMOS2 0y-h«^fifiiE 

U 09 (a) {Zf^-fX 0 NMOS2*5itfPMO 
S 2 Offi«E«RIK«EIKV S S«K«tt£nfc*T-4: 
M5i^ffif}:iIJ«J:9iartJ;^ 0 |g]« 

td. fcirxJiEll (a) 0>EHSlC*5V^-C* NMOSlio 
iO'PMOS 1 coy- hj»^-(iii!®iEIBaSW*&ia*VD 

fctco-efc^o ua»u 09 (b) ^ffl: 

EE««{fc*&Eilft V D D«^»«tS*S J: 5 LT fc J: 

£ 19 (c) (i x 09 (a) \Z7Fl,tzm$Lb 

09 (b) ^Lfc«*&tt>^afflLfc«fiJctftoT 



[0 0 8 7] HSg0ij6. 0 10 (a) 1***911:: J: <5S$ 
ili* *S61B KBfig IE U"<>rt^&3g V L C <D{&<D 

nmm*7Firmnmx~&>z> 0 mm (a) ic^-c, s 

"*\ A^^>XV I NOAMT-CnSOMOS h 7 V 
^^^NMOSl^l«T-^\ n^COMOS 

£ 0 nS^MOS h7^^NMOS lfcit/nSW 
MOS F7>^^NMOS 2CO-?rtX^tLOy— hffi^- 

[0 0 8 8] nS^MOSh7>^^NMOSl^ 
2<D^^-^nm(OMO S F7>^^NMOS 3<D>/— 
H»-T-*5 J:W#*C Bcoff? l ^JS^^Stt* tbTV^S. 

n l(DMO S h7>^^ NMO S 3 (D% 2 COS^-fift 
«BE«W«J&Ei»VDD^«tt**L, *fcSSl0>«m* 
HUtBnSiCOMOS h7V^^NMOS 2^2«i^ 
fC^c£*LT^£ 0 :<7)nS(DMOS F7>^^^NM 
OS 2cD^2(D*T-i: nSOMOS h7>^^NMO 

sa^ioS^SM, mffB^ftCBofg2cDffi 

ficsasntv^sitt)^ tti^asB 1 (N2) 

[0 0 8 9] :©Bm gftf M^i: it, 
tH^MW- (N2) t^^KtOMKAWigttRLi:* 

^sr**cL^:<oii:?lJSs«ft:^««*i^rv^So ft*, 0 

ft, fci X.lfNMO S 3 coy— hSft, NMO SI coy 

[0090] 010 (b) fi s ilSiaKcoi&^Sr^i-^ 

/u^Sr*UfcH"C*>S 0 *i\ A*^v I Nil, -t 
oft^SEE^rVH, */h«BE«rVLi'#-*. V 

Htt**«««BEVDD(D*», (3 
u-</u (gnd) b1rZ>o 

[0 0 9 1 ] 

[t3l] VH = VDD/2 (31) 

^Lt, /qr^tEVB i ASiiVHi*L^t<oi 
U ftsfc (3 2) i^i-BBffi^fcstoti-s. 

[0 0 9 2] 



[g[32] VB I AS = VH = VDD/2 (32) 

£fc, ^nSOMOS h7>^^NNMOS 1 ~ 3 CO -T£ 0 
L#V^i^LV^t>C0t U ^(^)I?rVthcbt5o ^ [0 0 9 3] 

:m (3 3) oB^fcstodrLtw™ 

[t33] Vth=VH/3=VDD/6 (33) 

K5fP4 t 1 T\ A*/^VIN^K/^Lowl/^ KN 1 CD^/EVN 1 (i. (3 4) (C^-f-fillC^ "C± 

(WT> ' L' ^bHi g h u-</u («T, ' #t5o 

H' ^^-T) l:f<tt5^, NMOSl£i§oT, J— [0 0 9 4] 
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[»34| VN1=VH-Vth (34) 

~(D$?^ f^B$iC, NMOS3 t)ONttffiCfe5^t\ J 
-KN201EVN2 t±S (34) \Z7fk£thZ>m,K.lZ 

[0 0 9 5] -<7)&^ /-KN2lt A^rteStRL, / 



X\,^Z>(DX\ J — K2 0®JE±#(i/— KN 1 i: "9 fcii 
l^OifiStS, KN 1 C01EVN 1 

H-Vth£&<9, NMOS1^^7h^7jil/:^ 
/- KN2 0)iE«rVN2 OH, (3 5) <Dm* 

[0 0 9 6] 



[S35] VN1-VN2 0=VH- 
r.<DB$\ NMOS3I1 %<DV— hSBE^VN 1 "C\ K 
b> ONtt)Bi45. 

[0 0 9 7] ;-K2(DlEVN2^VH-Vth(Dl 
mcfzZ&XIZ. NMOS2iNMOS3©S*^e>t 
^«*xi£/uT\ /- KN 2 $0S{£VN2£§| #±if 5 
cfc9(C&£o *Lt, VN2=VH-VthC/^^ 
NMOS 2 fit;*/ y h*7 £jh/C«»Eteih* 5o U^L, 



V t h-VN2 0=Vth + a 

(3 5) 

^otl^y- KN 1 ligiCB^U/- KN 2 t 
^fk^£ftT^S<7)T\ N 2 <OH;EE±#(c: i: k&U^lH 
EE V N 1 ^_h#f5 0 

[0 0 9 8] / - K2^tEVN2^VH-V t h(Ol 
{4tC&o£:B#/£T*0/ — KN 1 (D^ffiVN 1 If*, (5 
IS. (3 6) T^X."btb, 



[|[36] VN11=VH-Vth+ (Vth + a) XCB/ (CB + CS) 

(3 6) 

::t\ ftst (37) w^tttv^tfNMOS3« [0099] 

ONttl«tSft5 0 

[R37] VN1 1- (VH-Vth) = (Vth + a) XCB/ (CB + C 

S) =V t h + JS (3 7) 

Z<Dtz#), NMOS3^ICt, WKLW£f>*h9M<DWL -f%t. ^ <Dm<0 / - KN 1 V N 1 A (*#C5£ (3 

*UA^o<5£. y-KN2 0lEli±#^(^ 0 * 8) T^£*L, 

It, VN2=VH-VthHPI^tE±^MAVi: [0 100] 

[S38] VN1 A=VN1 1 + AVXCB/ (CB + CS) 

= VH-Vth+ (Vth + a + AV) XCB/ (CB + CS) 

(3 8) 

-Oit (3 8) ^by-KN20lffVN2=VH-V «l^t^:iC45o 
t h + A VS:§|^fcffiVN 1 A-VN2W (39) [0101] 
(^-r^SryifcLT^5ffiiaT*(L NMOS3f*ON 

[839] VN1A-VN2= (Vth + a + AV) XCB/ (CB + CS) 

— A V > V t h (3 9) 

rOJt (3 9) iC^o^T, #C3t (4 0) (c^-T J: ? 



[§40] AV = VDD- (VH-Vth) 

^g^^xfc^^: (4 i) asfflfcSixSfcfetf* 



(4 0) 



[§4 1 ] (Vth + a + VDD- 
XCB/ (CB + CS) - (VDD- 
7 — KN 2^®J£VN 2(iVDDComffi*T*Jb#-T6r 

[0 10 2] w<D/ — KN 2<7)®flE_b#M^ / — KN 1 



(VH- V t h) ) 
(VH-V t h) ) > V t h 

[0103] ±SELfclftW-eii, 



••• (4 1) 



LJ^llEV t h it 



(13) 
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{0104] B$ffl t 2 T\ 7<t)'</l>X V I NCD^EE U"< 
yu^' H' rt^' L' \zmt1rZ>t. A^VMVIN 
0®EEl*. NMO S 1 t NMO S 2 O y-^lffit 4 
<9, 2 0(7)h7y^^NMOSl^NMOS 

2 b<ny— h«/ElH^-fttt>VB I ASffeS^?), 

h7>^^^ttv^Ht>ONtfcf8i:<c^, /-KNli: 
Wz-btltiWffiltNMO S 1 ^iotA*/^V I N 

[0 10 5] jfe^)RW^, /— KN 1 {zWz-htitzW, 

J:f9NMOS3(iOFF«flgt*«9. VDD^b^SlS 
(®ifc) teih£* 0 7 — KN 2 s N 3 

NMO S 2 Srio TA*/^^ V I NOAA* 
^fflflKx^*^*-^£*U /— KN1, N2. 
idlt5t(4VN 1 % VN2, VN 3fiV>-fntVL ( = 

gnd) tftv. &Tmm<oW}mmyM£tiz>o 
[oio6] mmm7. an (a) & % *mw\cxz> 

»A**3SBK:»j« £ ;ft,3 mffi w^</u*«« v L c coftH 
Oiaf6WSr*-riH]KI2"C. 0 10 (a) {^ZtfcLtzmb 
4ot^5 0 HO (a) (D«^i:it«UTaftS«fi8; 
fi, nS(DMOS ^y^^NMO S 2<D?— h#8^ 

{az-j£Mf£vB i Asritt< , a^vu* v i 

iSffiOM^KfcS'^W* V I N i n v e r t j^A^tt 



V I N(O^IC invert T V * 5 #IJj*B 

So 

[ 0 1 0 7 ] ±i£L/c@£S<7)iM1^[I] 1 1 (b) 

Srffl^TtftPJ-f 5 0 H#Pil}t 1T\ A^/i^V I N#' 
L' frh y H' CffcL, NMOS 1 SriiUT/— KN 

KotEVNiiiUca (42) u:^-ffi*-e±#i-5. 

[0108] 

[^42] VN1=VH-Vth (42) 

NMOS 2<D>f— Mdfiig*itf>V I N i n v e r t #A 
^Snt^60T% Z(Dm. NMOS2liOFFttl^ 
t£«) % NMOS 2?riiLTC0/— KN 2(Dm/£±#fiS 

*LT. (4 3) ^SSfcSttTV^tf, 

NMOS3liONttlt49, /- KN2<Z>«JEJ±±# 

[0109] 

[S4 3] VN1=VH-Vth (43) 

fgj*Ofc#>. VN1#±S (4 3) ■C-^x.e>ix6«JE^ 
^•54-CONMOS 3£iICT<D/- KN2<7>BJEEJ:£- 
£&«U WP£cDVN 2<D@j£_h#?-#£ A Vtt5 
rcoggcoy — KN 1 COtffiVN 1 Af*. (4 4) t 

[0 1 10] 



[ft4 4] VN 1 A=VN 1 + AVXCB/ (CB + CS) 

= VH-V t h + AVXCB/ (CB + CS) 

(4 4) 

(44) frb/— KN2(7)1EVN2 = A V«r?| t£*5. 
l^fcfifiVN 1 A-VN2«S (4 5) ^<t«:if:l [0111] 



:45] VN 1 A-VN2=VH-V t h + AVXCB/ (CB + CS) 



rO^; (4 5) tCio^T. (4 6) (c«fc5t 
[$C4 6] A V = V D D (4 6) 



— A V > V t h (4 5) 

rttJwJ: r)»&*b**a; (4 7) *«WfcS*t6ftfetf, 
VN 2(iVDDcO®JE^T'_t#i~5^ ^IC&So 



[t4 7] VH-Vth + VDD 

11 (b) tC^-r<fc?fC, lE^/^lft^ix/i^Vu^ 
a*»fcixS« 12 1 1 (a) lc*i-*jMfiJgffi-c 

tt, (Hi l (c) o£n< N NMOS2oy-^ffif«:V 

[0112] mmms. mi 2 ( a > ii#i6wu:<j:siR 

*ltefl»JSr*i-B|-C, EI 10 (a) ioctt/Ell 1 (a) (d 
^L/*cIH<t^oTt>5o i2 1 0 (a ) io^t/El 1 1 
(a) <nffif$.kmteZ>&ftl*. n»MOSF7>^ 



XCB/ (C B + C S) 

-VDD> V t h (4 7) 

* NMO S 1 coy— hffi^^r— ^mEEVB I AS^I 
«^»J*Ktt;LTlS8iR S P^LT^t U £«b 
(C, n iOMO S h 7 ^ NMO S 1 (^y- h W 

liA^A^V I N^AM+^ffCS Pl:<tot§ 

[0113] -tiE LfclslK^fiJjfl^l*] 12 ( b ) 

Srffli^TBlW-r*, t 1 T% A^/u* V I N^* 
L* rt^' H' ^SMbLfci*, ro©ffi^<M*S£;C 

P SlC<tot/ - KN4 [C{ikt>Z>o Z<D&f x / — K N 4 



(14) 
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(4 8) VS-JLbtlZo [0 1 14] 

[^48] AV = VHXCSP/ (CSP + CS4) (48) 

-r.T% C S 4l$S— KN4{Cff2J&£*LT1^5^ffia><b fc*. y — KN 4 OffiJE V N 4 li&St (4 9) £&5 0 

BlliaSSC S PSrRfe^fc«^Sfl:»«r^LT^5o ^ [0 115] 



[t49] VN4=VBIAS+AV (49) 

CKDtg. VB I ASi Vmit^mEEftCDmMltt&lTLR S P KftSo 
SriiCT^-f T>^«flEVB I A Sft'](C-7W ^^"-V — v*cF [0 1 16] 

Jt5d«, -toBS^WSRtt, «*a, ftSC (5 0) 



[$50] r=RSPX (CSP + CS4) (50) 

NMOSl^ONttliiD, /-KNIOIEVNI [$51] VN4-VNl=Vth (51) 

ri>±#U ZfeK (5 1) Ofcfcfcofci: r^T% NMO y-KN1^8EEVNl^±a (5 1) C0*«=S:SS^:"f 

S 1 * h^-7$ntOFFttl8i:i5o it^PflS: tcgtt^^ 1^/- KN4 01 

[0 117] ffiVN4tt«toRa (5 2) 



[$52] VN4=VBIAS+A 
[0 1 18] ^TtU-itcfc, V N 4 > V B I AS^ 

r% ±s£ (5 2) wfi:ft5it(ONMosi^y-h 

lEIiVB I AS=l/2VDD«l:LTt, SUS0*J 7 

fc«>, /- KN 1 \C=7-^-i?£tiZ>mffifc&< , L7t^ 
oT, y — KN2 0«£EVN2(D«EEttllJ6«7^RW 



Xexp (— tcg/r) 

(5 2) 

L,fc* (42) C0VNUnil<^5 0 SfcM, ±s: 
(5 2) t4x.?)tl5V-N4j5\ W (53) SrSlfc-T 
<fc?tc, CSP, RSP^tMVNl=VH^rt 

[0119] 



[$53] VN4=VBIAS+A 

|ffii|i<E> VH 1 =VH&mtl£tlZ>&i*X\ ^Ot 

c giWNMOS 3<7>®§fc(Cj:£y — KN 2C0«JE± 



Xexp (-tcg/r) ^Vth 

(5 3) 

AVN2CJ;^ (54) fcfctK S«6«7"ClttW 

Lfci*:(44) tJt«UTV t h»e*t«JEE36«i*!< * 

So 

[0 12 0] 



[$54] VN1=VH+AVN2 
rfttt, NMO s 3 ©y- HSE^IililtW 7 otn J: 9 
Bi^-irSrScBcU ^*<t LT, NMO S 3 £ii 1ST y 
- KN 2 ^rf t - v^t 5ia^< VN2<D 

[0121] m&m9. mi 3 (a) ii^iswicjisiis 

Sr*i-|H]KiaT-*>So I^HI (a) It 011 (a) {C* 
tia&S^&tcgaK*^ miScDnM^MOS Y=y^y 
X^NMOS 1 lC^i"5. &I9:<Z> h7>v*** (Ull 
3 (a) T'linS^MOS h^^^NMOS 4) <D 

«J*£>fcoT^6 0 ww-C, CBl^CB2i:lt 12 1 
1 (a) WCBC^U C S 1 £ C S 2 y— K 



XCB/ (CB + CS) (5 4) 

®EE U^/U^&Silt tB^MOS (nS^MOS 
^^NMOS6) COjlSjONffifetSrTff, H^HK^g 

[0122] 113 (b) fiJbifc LfcIelSScoffij^^^-r 
^ V^-r- hSr^U £fc, Ell 3 (c) fly- 

KN 1, N 2co®(4^{t:*^L, 12 13 (d) y — K 
N3, N4(Otffi^k«:/TLt^5. « t At'AA^ 6 
/^VIN^' L' H' \C/£Z>k, y — KN 1 1fi 

OlEVNl^NMOS3COV t h S T'±tt5<l:, N 
MOS3^0N^i(C^^ y— KN 2<7>BffiVN 2rt* 

[0123] NMOS 1 f*VN 1 =VB I AS-V t h 

W««M*i8Sr£ix5o l^/-KN2^)SfiVN2 
W*ffiS:Vltt5 0 ±aw>RWi:IH« % AV1=VB 



(15) *t BB „ 
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MOSSIiONttl^L, ftS (5 5)«fc^ [0 12 4J *^-t^T£„ 

»6 6] VBIAS-Vth + (VDD-V1) X (CBl/(CBl 

^»i#tt tB twtt tt> «*, (5 +CS ° \;™°* vt h (5 5) 
6) r-#^^,^5 o lu 1 2 51 

f»56j r (o =RON (t) (NMOS3) x (CB2+CS2) 
ftURON(t) (NMOS3)tt, NMOS3W 0 S3OWn « ".T - 6> 

«*«. i-'fcfc^W^ffitftRON^Bjitfcj-ae r° 0 1 2 fil 



[&5 7] 1 d s =ax (AVI 
--T\ AliMOS h 7>i>^^<o«it N Tt-&^T-*S 
iVlliiS (5 6) ©*6fc*ifc»5^ d4H ^ 

[0 12 7] *3e«CT-e {4% (NMOS1HNM 

os 3) r-A^^v^o- h' ^vDDr-±#$-tJrr 

(NMOS4HNMOS6) *-P©A*jfc LTV* 

NMOS4©^->t7lEliVDD-Vth 
f-ft-5. NMOS60y-x|i»o ffiAt . fc ^ £ 

5, Lfc^ct, 013 (d) l-TtdV2li4VlJ; 

RON^*<ft 5l /-KN4fc*» W fffiVN 
10 1 2 8] 0. mi 4 (a) WJgflKi^ 

WSr^i-H-C. 1113 (a) K»i6LfcH4*oT^ 
5 "_ iU (a > ®«*i**5*»tt, nS«OS 
f>7>^^NMOS20y- W^2©Wi© 

L' tfftt5i# > ^-KN20tEVN2(4»/>t 
S„ -f**)*,, NMOS3d«ONl*]Sfcfc 0 fcj : £ OV 
N2«VlNO' L ' iH»W. y-KNlfc* 
MtfiVNlMBIAS-VthtftJ, NMOS 
1 * * - >xf-7i-5 <k # CO V N 2 tt$£0J 9 «fc Q 

*#<ft0. **iLTVN2* J ± 0 ty-KN4li*jlt 
5SffiV N 4«01# atoia<t9i 4^ 5W 



-V t h) X (A V 1 -V t h) 

(5 7) 

»t*5^*T.# 6l <e*». hi 4 (b) (i±ieL 

HI 14 (c) tty-KNl, N20ltt»fc t i U B 
14 (d) IS/-KN3, N4©«ft«ft^ Urv% 
•5c 

I0 12 9J SJfefli 1. Hi 5 (a) 14*^,-^5 
«fc*1-HT\ (114 (a) K»«LfcHi:4or^ 

3-_Bl4 (a) C^i ft45i)Stt( nScMOS 

IN*«*U II:nlMOSh7>y^NMOS7 
SrW-JDL, fOf 2 e^NMOSl©f 2 ©«^tt 
tCBl©Ii rofifiro g MtSiu _^ ^ 

» 1 ©i?*AA/^^ v 1 NfflA^asmcjgjjt L 4 

fc^toy- MfrF-icAA/-*** v I N£SfcLfcV I N 

a s i o ^ L fern u^actfts t m«t«>j»jR 

#»€>ii* k t fclc. ^Jg« i o K « Lfc«*,v 

VBIAS^^TWtriitii, ft*. HI 5 
(b) 14, ±a!<O(5JKc0iif^^i-^^ * h 
*fc. Hi 5 (c) (4/-KN1, N2comfi 
*ffc*IMBK:*U HIS (d) (J/-KN34N4© 

10 1 3 0J **ffi|6«|»ob©,- ifeoTtt< Htttw 
h7>i?^TF T(4±T n fi* L 

^ T ' fe t° V,Ni "ver t*A***i«* 

*«7«»«)fco,c|HLr«, Hll ( C ) 

<. NMOS2iHJNMOS5?)y-^ S ^ vss 



(16) 
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V- ht&mftitf tikz.it S i0 2 ^>f)/j:5MOS h7 
tzt z.l$S i N^C0^flI*>ib^5M I S h7^x? 

[ 0 1 3 1 J 

[BW0>9b*] K±KWLfcwi*»P>We>A»*«t5lc, 

$ ntzm.BE i^/nea* «rB *. hozmz>z\t&x-z 

So 

ItlfeWSr^-t-iaiSHir-tW^'f Aft- Ft* 

[12] *»W^J:S**3Sa«)-**««>^«£«>«^ 
Sttf-T SriffitHjBSBT-*) 5o 

[13] **Wf-J;<5**§S«lci«fife$lx5«EU"</i' 
[B4] **ElcJ: S 

[HI 5] *«ni::j:&B9£B£BJ££*iSBBEi''</i' 

[0 6] #$gi^cj:3*^filc^/££;h,5«IEw<>'i' 
««««>«feOlil6«i|S:*i-|HlKB-C*>5. 
[B7] *l8WKJ:*«*K«K»J«**tS«BEU'<A' 



[18] #!8IBK«fc3^^BICffiSJS£;h,5®JEU'</u 
IB 9] **Wtcj:5*^ailtt«cffl?*$ixS«BEU"<yu 
[Bl 0] *»WJc«t5**3SB«ii^$ixS«JEU''< 

[Bl l] ;MKn&J:S*9ttBK«j£d*LSttff U"' 
/^^rofth.co||Jg«sj 5r*-TlH]»SB <k * <o >f A f -r - 
ht-fcSo 

[Bl 2] *«W^J:S**KBJcfflJ«Sns*Ei"< 

[Bl 3] *3BW»-J:6**SSfi^»^$tb*«ffii"< 

[Bl 4] *»WI-«t5**«fi^JB«*iiS«EU"< 

[Bl 5] *^WfcJ:S^SIfilc^fig$H5mJEU"< 
/I'BlfeSwflfeojllfifflSr^i-iaKiat-tw^-fA^-ir — 

[Bl 6] t£*fc.fc5-ttWfc«ffiu^uBiJ««>-0iJ 
^^L-felHjggBT-fc-So 

[Bl 7] -«W*«ffiu^/uBtl^<Dflfe<0 
fi»JSr^LfelHl!SBT-*)S„ 
[«F*0>IMn 

NMOS-nSOMOS PMOS-nl 
roMOSF7>'^, VLC-tEu^t^ G L 
-y- hltm DL-Kf^iW, SUB 1-3 

mmm, TFT-**h5y^?, px-bbbb. 



[13] 



[15] 



V0D- 



vinO- 



:ci K2 : ± 



"jcis 

M1 

N3 



ill. 



N3 T | r- 
HUOSaJ [PM0S2I US' 0 " 



V I nO- 



VOUT 



VDD 




VOUT 
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[12 1 ] 



01 (a) 



VIN 




Hi (b) 




[12] 



VLC 




4 



DL- 

TFT- 
PX- 



D 


-A* 






— 

-v 7 


-3: — 


-rt — 


1 — 












■tt — 




- r — 




1 — 


— 


T — 
7 




AR 



6UB1 



[B9] 



@9 (a) 




[mi 7] 

HI 7 

VblanO C| ^ IC^^~^ 
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